• Yield and quality of agar from Gracilaria species collected from three natural habitats in Malaysia were evaluated.
a b s t r a c t
The yield and quality of agar from Gracilaria species collected from distinct natural habitats (mangrove swamp, rocky shore, sandy mudflat) along the west coast of Peninsular Malaysia were evaluated in this study. The agar content was found to be significantly higher in G. changii and G. edulis growing in the mangrove swamp, while the lowest agar content was recorded for G. changii and G. edulis collected from the sandy mudflat. Higher agar gel strength was obtained from the three Gracilaria species collected from the mangrove swamp compared to those that live in the sandy mudflat and rocky shore. The intraspecific variations found in gelling temperature were well correlated with the trend of changes in agar gel strength, except for G. changii collected from the sandy mudflat and rocky shore. The intraspecific and interspecific variations of agar melting temperature did not show a consistent trend for all Gracilaria species tested. The agars of Gracilaria spp. collected from the rocky shore showed a significantly higher gel syneresis while the lowest gel syneresis was recorded for the agars of samples collected from the mangrove swamp, except for the agars of G. salicornia from different habitats which showed no difference. In conclusion, the mangrove swamp is a natural habitat which produces Gracilaria with good agar properties, in terms of agar yield, gel strength and gel hysteresis, thus it can be considered as a potential site for seaweed farming and mariculture for the agar industry in Malaysia.
Introduction
Gracilaria spp. are red seaweeds (Rhodophyta) which produce phycocolloid agar, a gelatinous polysaccharide complex with high commercial importance in biotechnology, and the cosmetics, medical, pharmaceutical and food industries (Marinho-Soriano, 2001 ). They account for more than 50% of global agar production, * Correspondence to: Department of Cell and Molecular Biology, Faculty of Biotechnology and Biomolecular Sciences, Universiti Putra Malaysia, 43400 UPMSerdang, Selangor, Malaysia. Fax: +60 3 89467510.
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replacing Gelidium agar which has been gradually depleted due to over-exploitation (McHugh, 2003) . Gracilaria spp. are cultivated worldwide on a commercial scale, with Chile and Indonesia contributing to about 38% of agar in the current market (Bixler and Porse, 2011) . Agar is composed of repeating agarobiose units of alternating 1, 3-linked-D-galactose and 1, 4-linked-3, 6-anhydro-L-galactose residues (Rebello et al., 1997) . Methoxyl, sulfate esters and pyruvate ketal groups usually occur in various combinations or positions on the disaccharide chains (Rees, 1969; Duckworth and Yaphe, 1971) . Gracilaria agars are known to have a higher level of sulfate substitution, which results in weak gels with lower gel strengths (Murano, 1995 
